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INTEGRATED ORCUir TESTING METHOD AND SYSTEM 



BACKGROUND OF THE INVENTION 

1, Field of the Lwrntion 

The present invention relates to an imprcived method and system for functionally testing an 
integtaled circuit 

2, Discussion ofthe Related Art 

5 In a functional testing, it is checked whether an integrated circuit performs the fimctions for 

v^ch it has been designed. Predetermined signals are provided to the iiq)uts of the circiiit or of 
detemiined circuit blocks and the outputs are read to determine whether they correspond to an 
e5q)ected answer. To test all the possible en-ors of an integrated circuit, a first ^proach consists of 
providing flie integrated circuit with all the possible combinations of input states and of checking all 

1 0 the signals provided as a response by the circuit This, however, can take a long time. Error models 
enable determining the test signals (or test vectors) most ad^ted to testing a circuit 

A so-called scan test method, applied to a lo^c block of an integrated circuit, having each of 
its ii5)uts connected to an output temoii^ of afl^v-flop and each of its outputs connected to an iiiput 
terminal of a flip-flop, will nK>re specifically be considered herein. A scan test system includes means 

1 5 for controllit^ the writing and the reading of test signals in said flip-flops. 

Fig. 1 scheniaticaUy shows a scan test system assodaled with an integi^^ 
a combinatorial lo^c blodc, or lo^c block LB. The circuit inchides three flip-flops FFl, FF2, and 
FF3. Ingot and output terminals Dl and Ql of flip-flop FFl are respectively coupled to an ou^ 
tenninalOl and to an it5)ut terminal II ofblodcLB. SimiMy, the irpit and output temainals D2, 

20 Q2, and D3, Q3 of flip-flops FEZ and FF3 are respectively coupled to output and input tenninals 02, 
12, and 03, B of block LB. Clock teraiinals CKl, CK2, and CK3 of fli^vflops FFl , FF2, and FF3 
lecdve a same clock agnal CLK. Hqvflops FF 1 , FF2, and FF3, as well as logic block LB , foam the 
fimcfional part of flie drcuit Ihe circuit test system includes multiplexes M (wtoe i ranges between 
1 and 3), each associated with the flip-flop FFi of san^ rank The output terminal of eadi multiplexer 

25 Mi is connected to the irpit Di of same rank A first irpit terminal of each mult^lexer M is 
connected to ou^ut terminal Oi of block LB. A control temiinal of each muMplexa- Mi receives a 
signal SC. The second input terminal of multiplexer Ml is connected to an ir5>ut terminal SI ofthe 
circuit The second input terminals of multiplexers M2 and M3 are respectively connected to ou^ut 
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terminals Ql and Q2 of flip-flops FFl and FF2. Tenninal Q3 of flip-flop FF3 is connected to an 
output temiinal SO of tiie circuit 

Outside of test periods, signal SC is inactive and multiplexeis Mi are controlled so that 
oulputsQiofthe logic blodc are connected to iiq)^ SC is active, 

5 multiplexers Mi are controlled so that flqvflops FFi form a FIFO-type test roister rated by clock 
signal CliC 

Fig. 2 schematicaUyiUxistrates the operation of the te^ 1. 
In a first step, agnal SC is maintained active so that flip-flops FFl, FF2, and FF3 form the 
test register. Test data TD3, TD2, and TDl are successively presented to temiinal SI at the rate of 
10 pulses of clock signal CLK, at times tl, t2, and t3. At time t3, data TD3, TD2, and TDl are 
respectively stored in flip-flops FF3, FF2, and FFl . Data TD3', TD2, and TDl' are flien presented on 
output temiinals 03, 02, and Ol of logic block LB. 

In a second step, after time t3, sigial SC is made inactive so that flie multiplexers connect 
output terminals 03, 02, and 01 of the logic block to input terminals D3, D2, and Dl of the flip- 
15 flops. At the next pulse of signal CLK, at a time t4, data TD3', TD2*, and TDl' are stored in flip-flops 
D3, D2, and D 1 . Signal SC is made active again after time t4. 

In a third step, starting fix)m the reactivation of signal SC, data TD3', TD2, and TDl' are 
shifljed in the test re^ster at tiie rate of pulses of clock signal CLK, at times t5 and t6, and are 
successively provided to temainal SO, During tl^ anewtest vector TD6, TD5, TD4 is input in 
20 tiie register. Data TD3', TD2', and TDl' provided to terminal SO are coitq^ared with their expected 
values, generally lo^c "Os" or "Is". 

These three stq)s are repeated as many times as test vectors have been provided. The analysis 
of the data provided by the logic block as a response to the test data, collected during each third step, 
enables detemiiniiig \^4lefher the circuit includes defective elements. A defective element is, 
2 5 according to the error model conventionally used, an element having an output ahnormally fixed to 0 
or to 1. Such a test system operates satisfactorily if the logic block includes no element capable of 
disturbing the operation of the test register, or to disturb the propagation of the signals in the logic 
block. Even if such disturbing elements exist, existing test systems are ad^ted to inhibiting them. 

Fig. 3 schematically shows a test system for an integrated circuit similar to the circuit shown 
30 inFig. 1, in which three types ofdisturbing elements have been inserted. 
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A first cfisturhing element is an AND gate 2, a first inptit of vMch receives clock signal CLK, 
the second ir^ut of \?vhich is coupled to a clock enable signal ENl generated in block LB, and the 
output of v^ch is connected to temiinal CK2. Gate 2 is capable of disturbing the sequencing of tiie 
test register, if for example data provided to block LB cause the inactivadon of signal ENl and the 
blocking of flip-flop FF2. The flip-flop assembly can then no longer operate as a shift register during 
the test To solve this type of problem and make the circuit testable, a solution provided in prior art 
consdsts of adding an OR g^te 4, the oidput temiinal of which is connected to the second input 
taminal of AND g^te 2, a first input temiinal of vAAch receives clock enable agnal ENl, and a 
second inpvt terminal of v^ch recdves a control signal TEST. When the circuit is not tested, signal 
TEST is made inactive, g^ie 4 transmits signal ENl to ^te 2 without influencing tiie circuit 
operatioa When the circuit is tested, signal TEST is activated, flie output of gate 4 remains activated 
wtoever signal ENl , and gate 2 is no longer capable of disturbing the sequencing of the test register. 

A second disturbing element is an element 5 wdiich provides a reset signal RS to a reset 
terminal RST of flip-flop FF3 via an output temiinal 05. Element 5 is c^)able of disturbing the 
sequencing of the test register, if for example test data provided to block LB cause the activation of 
signal RS and the resetting of flip-flop FF3. To make the circuit testable, a multiplexer 6 having an 
output temiinal connected to temiinal RST of flip-flop FF3 and a first input temiinal connected to 
output 05 of the logic block has been added A second input of multiplexer 6 receives a controllable 
signal TRST, for exaniple permanently inactive. When the circuit is not tested, signal TEST is made 
inactive and mult5)lexer 6 transmits signal RS without influencing the circuit op^ation. When the 
circuit is tested, signal TEST is made active and multiplexer 6 pemianenfly provides controllable 
signal TRST to temiinal RST of flip-flop FF3. Thaieby, block 5 is not capable of disturbing the 
sequencing of tiie test re^ster. 

A third disturbing elemait is a switch 8 capable of disturbing the propagation of a signal OD 
provided by block LB to oxjtput terminal 0 1 . Temiinal 0 1 is connected to a signal storage element 9 
and switch 8 receives a signal EN2 generated by block LB. Switoh 8 is enable of disturbing the 
circuit testing, especially during a second step of the testing, if test data provided to block LB cause 
the inactivation of signal EN2 and the opening of switoh 8 . Storage element 9 then provides the last 
value of the signal that it has received. The logic circuit is no longer combinatorial and it is no longer 
testable by scanning. To make the circuit testable, an OR gate 1 0, an output of wiiich is connected to 
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control switch 8, a first input terrnbal of \vhich receives enable signal EN2, and a second input 
tenninal of vMch receives signal TEST has been added When the circuit is not tested, signal TEST 
is made inactive and gate 10 transmits signal EN2 to switch 8 without influencing the circuit 
operation. When the circuit is tested, signal TEST is made active, the oulput of ^ 10 remains 
activated \?s*iatever signal EN2, and switch 8 r^nains closed and is no longa* capable of disturbing the 
drcdt testing. 

When signal TEST is made active, the operation of the test system shown in Fig. 3 is similar 
to the operation illustrated in Fig. 2 ofthe test system of Fig. 1. 

A disadvanta^ of the test system of Fig, 3 is tiiat it does not enable testing the proper 
operation of elements 2, 5, and 8 inhibited by inhibiting means 4, 6, and 10 of the test sj^stem. The 
testing of elemOTts 2, 5, and 8 must then be performed by means of specific test vectors, without 
using the test system. As the size and complexity of integrated circuits increases, the number of 
disturbing elements becomes significant and it becomes difficult to provide all the necessary specific 
test vectors. 

SUMMARY OF THE INVENHON 

An object of the present invention is to provide a test system and method enabling testing of 
as many elements of an int^;cated circuit as possible. 

For this purpose, the present invention provides a scan test system provided witii means for 
testing the elements disturbing the test 

To achieve this and other objects, the present inv^on provides a system for testing an 
integrated circuit, the int^rated circuit including flq^flops connected to a logic block and the test 
sj^tem including means for connecting the flip-flops as aregister, means for inhibiting the differait 
elements of the logic block capable of disturbing the sequencing of the register or the propagation of 
the signals into the logic block, and a control means for separately controlling the different means of 
inhibition of said elements of the logic block and the means for connecting the flip-flops as a register. 

According to an embodiment of the present invention, said elements of the logic block are of 
several types, and the control means is provided to control together the means of inhibition of the 
clients of a same type. 
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Acxx)rding to an embodiment of the present invention, elements of a first type condition the 
clock signal provided to at least one flip-flop. 

According to an embodiment of the present invention, elements of a second type condition a 
reset signal provided to at least one flip-flop. 

According to an embodiment of the present invention, elemaits of a tbiid type include 
locking elemoits capable of prevaiting the propa^on of at least one signal into tiie logic block. 

The present invention also aims at a mefliod for testing an inti^rated drcuit including flip- 
flops connected to a logic block, especaally including tiie stqjs of: 

a) connecting the flip-flops as a regjstar and inhittting the elements of the logic block capable 
of disturbing the register sequencing, these elements being gathered in sets of elements of same type, 
then writing a test vector into the register, 

b) reactivating a set of elements, then clocking the flip-flops, and 

c) inhibiting again the set of reactivated elements before sequentially reading the data 
contained in the register. 

According to an embodiment of the present invention, step b) also includes deactivating the 
register connection of the flip-flops before clocking the fliip-flops, and step c) also includes 
reactivating the register connection of the flip-flops before seqxxentially reading the data contained in 
the roister. 

The forgoing objects, features and advantages of the present invration, will be discussed in 
detail in the foflowing non-limiting description of specific anbodiments in connection with the 
accompanyijag drawings. 

RRTRF DRSTRTPTTON OF THE DRAWINGS 

Fig. 1, previously described, schematically shows a conventional system for testing by 
scanniiig an integrated circuit; 

Fig. 2, previously described, illustrates the operation of the test system of Fig. 1 ; 

Fig. 3, previously described, schematically shows a conventional integrated circuit scan test 
system including elements disturbing the test system; 

Fig. 4 schematically shows an embodiment of a test system according to the present 
invention; 
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Fig. 5 illustrates the testing of a fitst disturbing element of the circuit of Fig. 4; 
Fig. 6 illustrates the testing of a second disturbing element of the circuit of Fig. 4; 
Fig. 7 illustrates the testing of a third disturbing element of the circuit of Fig. 4; and 
Fig. 8 schematically shows an embodiment of a test sj^stem according to the pieseiit 
invrndon. 

DETAILED DESCRlFnON 

Fig. 4 sdietnatically shows a scan test sj^tem according to the present invention, assodated 
with an integrated dicdt such as shown in Fig. 3. The test system includes multiplexers Mi and 
inhibiting means 4, 6, and 10, identical to the elements beanng the same references in Fig. 3, 
connected in a similar way except for Iheir control terminals. According to the present invention, each 
type of inhibiting means is controlled by a specific control signal. Inhibiting means 4, 6 and 10 
respectively receive a control signal TESTl, TEST2, and TEST3 provided by a control means 12. 
Also according to flie present invention, multiplexers Mi are controlled by a control signal SCI 
provided by control means 12, which receives control signal SC. Control means 12 is provided to 
gqneiate signals TESTl , TEST2, TEST3, and SCI based on signal SC. 

When idle, the test system according to flie present invention has no influence upon the 
circuit operation. 

According to a first operating mode, a conlrol means 12 provides multiplexers M wilh a 
signal SCI identical to signal SC ard it maintains control signals TESTl, TEST2, and TEST3 active. 
Thus, inhibiting means 4, 6, and 1 0 are activated and the effect of the disturbing elements is inhibited. 
The operation of the test system is tiim similar to the operation of Ihe test system of Fig. 3 . This first 
operating mode enables performing a convaitional scan test of Ihe circuit During Hiis first operating 
mode, disturbing elements 2, 5, and 8 are not tested. 

According to a second operating mode, illustrated by Figs. 5, 6, and 7, control means 12 
successively controls the testing of each disturbing element, especially by ten^rarily inhibiting the 
effects of the tested disturbing element, and by permanently inhibiting the effects of the other untested 
disturbing elements. For reasons of writing simplicity, references TDl to TD6 and tl to t6 already 
used in Fig. 2, but vdiich represent different test data and times in the different drawings^ are used in 
the following Figs. 5, 6, and 7. 
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Fig. 5 illustrates the testing of disturbing element 2. Ehmng the entire testing duration, control 
signals TEST2, TEST3, and SCI are maintained active, so that flip-flops FFl, FF2, and FF3 form the 
test register and that the effect of disturbing elements 5 and 8 is inhibited Control signal TESTl is 
equal to signal SC received by block 12. 

In a firsEt step, signal TEST 1 is maintained active so that signal EN 1 provided by block LB to 
element 2 is not capable of distuiWng the sequQicing of the te Test data TD3, TD2,and 

TD 1 are successively presented to tenninal SI at the rate of Ihe pulses of clock signal CLK, at times 
tl, t2, and G, so that data 1D3, TD2, and TDl are respectively st^ 

ftom time t3 , The test vector corresponding to data TD3, TD2, and TD 1 is diosai to give to logic 
block LB a state such that signal ENl is normally active. 

In a second step, a predetermined duration after time t3, signal TESTl is made inactive so 
that gate 4 transmits signal ENl to element 2. If element 2 or its connection exhibits an error and 
signal ENl is inactive, instead of being active as it should be, flip-flop FF2 is not clocked at the next 
pulse of signal CLK, at a time t4 . Datum TD2 then remains stored in flip-flop FF2 after time t4, while 
datum TDl should have been input into flip-flop FF2. 

In a third step, control signal TESTl is made active again, a predetermined duration after 
time t4 . The d a ta contained in flip-flops FF 1 , FF2, and FF3 are shifted in the test roister at the rate of 
tiie pulses of clock signal CLK, at times t5 and t6, and successively piiovided to temrinal SO to be 
analyzed. 

At times t4, t5 , and t6, a new test vector TD6, TD5, and TEW is ii^jut into the test register. 
This new test vector is chosen to give the logic block a state in which signal ENl is normally inactive. 
The preceding second and third steps are then repeated to check that element 2 or its connection do 
not include an oror that maintains signal ENl active. 

Fig. 6 illusttates tfie testing of disturbing element 5. Control signals TESTl, TEST3, and SCI 
are maintained active, so that flip-flops FFl, FF2, and EF3 form the test register and tiie effect of 
disturbing elements 2 and 8 is inhibited. Control signal TEST2 is equal to signal SC received by 
block 12. 

In a first step, signal TEST2 is maintained active so that signal RS provided by element 5 is 
not capabh of disturbing the sequencing of the test register. Test data TD3, TD2, and TDl are 
successively presented to tmninal SI at the rate of pulses of clock signal CLK, at times 1 1 , t2, and t3 , 
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so that data TD3, TD2, and TDl are respectively stored in flip-flops FF3, FF2, and FFl and pro\dded 
to iipijt terminals D, 12, and II from time t3. Data TD3, TD2, and TDl form a test vector intended 
for controlling the activation of signal RS by element 5. Thus, in a normal operation of the logic 
block, signal RS would cause a reset of the content of fliip-flop FF3. During the first step, nothing 
occurs due to the piiesQice of signal TEST2 in an active state 

In a second sbsp, at a time t3 * subsequent to time t3 , control signal TEST2 is made inactive so 
tiiat signal RS diiecdy controls the reset terminal of Sip-Sop FF3. If element 5 or its connection 
includes an error that maintains signal RS inactive, flip-flop FF3 is not reset and datum TD3 remains 
stored in flip-flop FF3 during tiie period shown with hatchings in Fig. 6. Further, at the next pulse of 
signal CLK, \^*dch occuis at a time t4, datum TD2 is stored in flip-flop FF3 instead for flip-flop FF3 
to remain reset If signal RS is active, datum TO3 is replaced in flip-flop EF3 by a reset value and flip- 
flop FF3 remains reset after time t4. 

In a third step, control signal TEST2 is made active again, a predetemiined duration after 
time t4 At time t4 and at times t5 and t6 representing tiie next pulses of clock signal CLK, a new test 
vector TD6, TD5, and TD4 is input into the test register. Vector TD6, TD5, and TEW is chosen to 
give the logic block a state in vMch signal RS is deactivated by element 5 . The preceding second step 
is then repeated to check that element 5 or its connection does not include an error that maintains 
signal RS active. 

Fig. 7 illustrates the testing of disturbing elanent 8. Control signals TESTl andTEST2are 
maintained active so that the efiect of distuibing elements 2 and 8 is not inhibited. Control signals 
TEST3 and SCI are equal to signal SC recdvedby blodc 12. 

La a first step, control signal SC 1 is made active so that flip-flops FF 1 , FF2, and FF3 form the 
test register. Control signal TEST3 is also active, and the propagation of signal OD provided by block 
LB to terminal Ol is not capsbh of being disturbed by switch 8, vstetever tiie value of signal EN2 
provided to switch 8. Test data TD3, TD2, and TDl are successively presented to terminal SI at the 
rate of pulses of clock signal CLK, at times tl, t2, and t3, so that data TD3, TD2, and TDl are 
respectively stored in flip-flops FF3, FF2, and FFl and provided to iiput terminals B, 12, and II from 
time t3. The data wiiich are then presented on outputs 03, 02, and Ol of block LB are called TD3', 
TD2', and TDl'. Storage element 9 stores value TDl'. 
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In a second step, a predetermined duration after time t3 , control signals TESTS and SC 1 are 
made inactive. Signal EN2 then directly controls switoh 8 and tiie multiplexers connect on^xit 
terminals 03, 02, and Ol of the logic block to input terminals D3, D2, and Dl of the fdp-flops. At 
the next pulse of signal CLK, at atime t4, dataTDS; TD2, and TDV are stored in ffip-flops D3, D2, 
and Dl. Data TD3;TD2; and TDl' are then provided by the flip-fl^ I2,andll of 

lo^c block. Ihe value tal^ by OD after time t4 is called TDl Data TDS', TD2, and TDl* form 
atest vector chosen to give block LB a state in ^ch signal EN2 is inactive and controls the opening 
of switoh 8. If switoh 8 or its cormection have an error that maintaiiis switoh 8 closed, datum TDl" is 
provicted to flip-flop FF 1 after time t4, as illustrated. If switoh 8 has no error and signal EN2 controls 
the opening of switch 8 at time t4, datum TDl" is not provided to flip-flop FFl, and flip-flop FFl 
keeps datum TDr. 

In a third step, signals SCI and TEST3 are made active again a predetermined duration after 
time t4. The data contained in flip-flops FF 1 , FF2, and FF3 are shifted in the test register at the rate of 
the pulses of clock signal CLK, at times t5 and t6, and successively provided to terminal SO. 

At times t4, t5, and t6, a new test vector TD6, TD5, and TD4, for example chosen to give 
block LB a state in wiiich signal EN2 is active, is input into the test register. The preceding second 
and third stqps are tiien repeated to check that switch 8 is not maintained closed 

A test system according to the present invention thus enables testing the elements disturbing 
the scan test, wiiich is a first advantage. 

Block 12 generates agnals TESTl, TEST2, TEST3, and SCI based on signal SC Thus, a 
test system according to the presort invention enables testing the elements disturbing the scan test 
without using a large numb^ of spedfic test tenninals intended for eadi recdving one of signals 
TEST!, TEST2, TEST3, and SCI, which is an additional advantage of the present invention. 

The shown circuit includes, as an example, a single disturbing element of each type. When a 
circuit includes several disturbing elements of same type, that is, each having a same effect on similar 
elements of the circuit, the present invention provides controlling the means for inhibiting these 
disturbing elements of same type with a same control signal provided by means 12. Such a control of 
tiie inhibiting means especially enables r^idly testing the disturbing elements by means of a small 
number of test vectors, winch is an additional advantage of the present inventiorL 
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The control means, of simple structijre, has a reduced size. ITius, a lest system according to 
the present invention has substantially the same size as a conventional scan test system, is an 
additional advantage of the present invention. 

Further, since Ifae present invention provides isolating the testing of each type of disturbing 
element, the test vectors used for eadi type of disturbing element can be generated automatically and 
rapidly by a calculator having a list of the circuit elements and of their connections. This is an 
additional advantage of the present invention. 

Of course, the present invention is likely to have various alterations, modifications, and 
improvemOTls ^ch will readily occur to those skilled in the art Disturbing elonoits 2, 5, and 8 
shown in Fig. 4 are shown as an example on] y. There are many types of elements disturbing the scan 
test, generally known as "exceptions to the rules of scan testability", and those skilled in the art will 
easily ad^t the present invention to the types of disturbing elements \\liLch have not been shown 
herein. 

Fig. 8 schematically shows an embodiment of a test system according to the present 
invention, adapted to the testing of a specific disturbing element 8. The preceding disturbing elements 
2 and 5 have not been shown in Fig. 8, In Fig. 8, signal OD is directiy provided by the output of flip- 
flop FF2, and terminal Ol and storage elaiient 9 are connected to a three-state bus TB. Bus TB 
fiirther receives signals OD4, 0D5, 0D6 via swifches 18, 20, and 22. Switches 18, 20, and 22 recdve 
signals EN4, ENS, EN6 fix)m block LB. Switch 8 is controlled by aNOR gate receiving signals E!Sr4, 
ENS , EN6 and the inverse of signal TESTS as an input When signal TEST3 is activated, teminal 0 1 
is controlled either by signals 0D4, 0D5, 0D6, or by flip-flop FF2, and tiie ciicdt remains 
combinatorial whatever the state of signals EN4, ENS, EN6. 

The test steps and vectors of disturbing elements 2, 5, and 8 have also been described as an 
example, but those skilled in the art will easily adapt the present invention to oftier test steps and to 
other test vectors. 

The present invention has been described in relation with a circuit including a single logic 
block and three flip-flops, but those skilled in the art wiU easily adapt the present invention to a circuit 
including a greater number of logic blocks and/or a greater number of flip-flops. If the circuit includes 
several logic blocks, each logic block may be tested separately. 
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Such alterations, modifications, and improvements are intended to be part of this disclosurc, 
and are intended to be within the spirit and the scope of the present invention. Accordingly, the 
foregoing description is by way of example only and is not intended to be limiting. The present 
invention is limited only as defined in the following claims and the equivalents thereto. 

What is claimed is: 



